Neurosurg Focus 41 (6): E10, 2016 E vEn with the recent advances in surgical equipment and techniques, craniopharyngiomas have remained a particularly formidable challenge in the neurosurgical field. 6, 9, 12 Because of the craniopharyngioma's anatomical location and proximity to critical neurovascular structures, including the hypothalamus and ophthalmological systems, its resection is associated with either higher rates of mortality and recurrence or a lower rate of radical resection. 4, 9, 12 Various surgical options for removing craniopharyngiomas, such as the pterional, orbitozygomatic, transbasal subfrontal, frontobasal interhemispheric, and transnasal transsphenoidal approaches, have been described. However, the optimal surgical approach remains controversial. 4, 6, 8, 10, 12, 21, 24, 25 AbbreviAtioNs GTR = gross-total resection; KPS = Karnofsky Performance Scale; NTR = near-total resection; PR = partial resection; STR = subtotal resection; VIS = visual impairment score. objeCtive Craniopharyngiomas remain a particularly formidable challenge in the neurosurgical field. Because these lesions involve the hypothalamus and ophthalmological systems, their resection is associated with either higher rates of mortality and recurrence or a lower rate of radical resection. The authors report the outcomes of aggressive surgeries based on an anatomical subclassification of craniopharyngiomas. MethoDs Clinical and ophthalmological examinations, imaging studies, endocrinological studies, neuropsychological function, and surgical complications in all patients who had undergone microsurgical resection for craniopharyngioma at Osaka City University hospital between January 2000 and December 2014 were retrospectively reviewed through the medical records. Radical resections were planned in all of the patients. To help choose the correct surgical approach, craniopharyngiomas were classified based on tumor origin. The 4 possible groups included the intrasellar type, prechiasmatic type, retrochiasmatic type, and intra-third ventricle type. A multistage surgery was planned in some cases. resUlts Seventy-two cases of craniopharyngioma were resected. Thirty-two patients (44.4%) had undergone previous surgical procedures at other institutions. Thirty-five cases (48.6%) were classified as retrochiasmatic, 19 (26.4%) as prechiasmatic, 12 (16.7%) as intra-third ventricle, and 6 (8.3%) as intrasellar. In 26 cases (36.1%), multistage surgery was required to complete the radical resection. Overall, 41 cases involved an orbitozygomatic approach; 21, a transpetrosal approach; 21, an interhemispheric approach; and 14, a transsphenoidal approach. In 3 cases, other approaches were applied. Gross-total resection was achieved in 43 patients (59.7%), near-total resection in 28 (38.9%), and partial resection in only 1 patient (1.4%). The mean follow-up period after resection was 4.7 years. Tumor recurrence or regrowth occurred in 15 (20.8%) of the 72 patients, with 14 of the 15 cases successfully controlled after additional resections and stereotactic radiosurgery. However, 1 patient died of uncontrollable tumor progression, and 2 patients died of unrelated diseases during the follow-up. Overall, disease in 69 (95.8%) of 72 patients was well controlled at the last follow-up. CoNClUsioNs Aggressive tumor resection is the authors' treatment policy for craniopharyngioma. Using an anatomical subclassification of craniopharyngioma to choose the most appropriate surgical approach is helpful in achieving that goal of aggressive resection.
To select the most appropriate surgical approach for treating these lesions, we created a new subclassification of craniopharyngiomas that was based on the anatomical location of the tumor. To determine the viability of this new strategy, we surgically treated patients with craniopharyngiomas in accordance with this anatomical classification and then examined patient outcomes. In many of the complicated cases, we performed multistage surgery to maintain normal function in patients.
This report contains information on a surgical strategy that was based on an anatomical subclassification of craniopharyngiomas. We also present the results of our analysis of the treatments and outcomes for a consecutive series of craniopharyngioma cases, which included evaluations of the extent of tumor resection, tumor control, surgical complications, visual function, endocrinological status, neuropsychological function, and functional performance status.
Methods
Clinical and ophthalmological examinations, imaging studies, endocrinological studies, neuropsychological function, and surgical complications in all patients who had undergone microsurgical resection for craniopharyngioma at Osaka City University hospital between January 2000 and December 2014 were retrospectively reviewed through the medical records.
Anatomical Subclassification of Craniopharyngiomas
We classified craniopharyngiomas based on their location, origin, and growth pattern. The 4 groups defined in our classification scheme and used to choose the appropriate treatment approach include the intrasellar, prechiasmatic, retrochiasmatic, and intra-third ventricle type (Fig. 1) .
The intrasellar type of craniopharyngioma originates from the intrasellar part of the stalk. In this lesion type, the sellar floor is usually enlarged in a manner similar to that seen for a pituitary adenoma ( Fig. 1A and B) . The prechiasmatic type originates from the anterior part of the stalk and grows in an upward direction. There is also upward elevation of the optic chiasm and anterior communicating artery, with tumor extending to the lateral side ( Fig.  1C and D) . The retrochiasmatic type originates from the posterior part of the stalk and grows up toward the posterior fossa. The optic chiasm and anterior communicating artery remain in their normal positions ( Fig. 1E and F) . The intra-third ventricle type originates from the floor of the third ventricle ( Fig. 1G and H) .
surgical strategies based on the Anatomical Subclassification
Aggressive resection of the craniopharyngioma was originally planned in all of the patients who were evaluated. Subsequently, the actual initial surgical approach was chosen in accordance with the anatomical subclassification (Fig. 2) . For the intrasellar type of craniopharyngioma, an endoscopic or microscopic transsphenoidal approach was applied. For the prechiasmatic type without lateral extension, we applied the extended transsphenoi- If a tumor originates from the intrasellar part of the stalk, it is defined as the "intrasellar type." In these cases, the sellar floor is usually enlarged. C and D: If a tumor originates from the anterior part of the stalk and grows upward, it is defined as the "prechiasmatic type." Both the optic chiasm and the anterior communicating artery are also elevated upward in this lesion type. e and F: If a tumor originates from the posterior part of the stalk and grows up toward the posterior fossa, it is defined as the "retrochiasmatic type." Both the optic chiasm and the anterior communicating artery remain in their normal positions. g and h: If a tumor originates from the floor of the third ventricle, it is defined as the "intra-third ventricle type." Red dots indicate the anterior communicating artery. Purple dots indicate the origin of the tumor.
dal approach, whereas the orbitozygomatic approach was used for the prechiasmatic type with lateral extension. For the small retrochiasmatic lesion type without extensive calcification, we selected the orbitozygomatic approach, and the mini-transpetrosal approach was used for the retrochiasmatic type with extensive calcification or a large diameter (> 30 mm). For the intra-third ventricle type, we applied the interhemispheric translamina terminalis approach to provide a suitable surgical corridor.
When cases had complicated conditions such as a history of excision or radiotherapy, extensive calcification, a large diameter (> 30 mm), superior extension into the third ventricle, or severe posterior extension compressing the midbrain and pons, multistage surgery was selected. The surgical approaches for the remaining tumor portions were then selected after a reevaluation and in accordance with the anatomical subclassification. If the tumor tightly adhered to small perforating arteries from the internal carotid artery, we stopped the tumor resection.
Neuroradiological evaluation
Before surgery, all patients underwent MRI, CT, and angiography. Tumor size was estimated from MR images by measuring the maximum anteroposterior, vertical, and horizontal diameters. The extent of intratumoral calcification was determined on CT scans. Anatomical features of the cerebral vessels, such as extent of development of the posterior communicating artery and development of venous drainage on the lesion side, were evaluated on angiograms.
To assess the extent of tumor resection, neuroradiologists independently reviewed the results of the preoperative and postoperative MR and CT images. All images used in the assessments were obtained within 1 week after surgery and from the follow-up radiological studies. All tumors were evaluated using enhanced MRI. Small enhancing lesions that diminished in the late period were judged to represent postoperative reactive changes rather than residual tumor.
Resection classifications were determined as follows. Gross-total resection (GTR) was defined as no residual enhanced lesion or residual calcification. Near-total resection (NTR) was defined as residual enhanced lesion or calcification < 0.5 cm 
visual Function
Ophthalmological evaluation, including visual acuity and visual field examinations in accordance with guidelines of the German Ophthalmological Society, was performed by an ophthalmologist before and after surgery and when clinically appropriate. The timing of subsequent assessments was decided on an individual basis. Visual function in each patient was quantified by the visual impairment score (VIS), which is based on visual acuity and visual field defects in both eyes. 7 This score, the summed total of the scores for visual acuity and visual field defects, made it possible to perform an exact comparison between the different examinations in each of the patients. A score of 100 is defined as the maximum.
endocrinological status
Basic levels of luteinizing hormone, follicle-stimulating hormone, free triiodothyronine, free thyroxine, thyroid-stimulating hormone, growth hormone, cortisol, adrenocorticotropic hormone, and prolactin were evaluated before and after surgery. Anterior pituitary hormone dys- Surgical strategies based on an anatomical subclassification of craniopharyngioma. Aggressive resection of the lesion was planned in all patients, with the initial surgical approach then determined according to the anatomical subclassification. Lesions with complicated conditions were treated using a multistage surgery, with the surgical approach for the remaining portion of the tumor selected according to a reevaluation of the area using the anatomical subclassification. IH = interhemispheric; OZ = orbitozygomatic; TP = transpetrosal; TS = transsphenoidal.
function was defined as the use of hormone supplementation (for deficits in the basic levels of luteinizing hormone, follicle-stimulating hormone, free triiodothyronine, free thyroxine, thyroid-stimulating hormone, growth hormone, cortisol, or adrenocorticotropic hormone) or the presence of high levels of prolactin without the use of dopamine agonists. Diabetes insipidus was diagnosed before and after surgery based on the sodium level and the presence of hypotonic polyuria.
Neuropsychological Function and Performance Status
Neuropsychological function was evaluated preoperatively and postoperatively during face-to-face examinations. Patients were considered to have a neuropsychological deficit if any of the following conditions were met: 1) score < 70 on the Full Scale of the Wechsler Adult Intelligence Scale, 3rd edition; 2) score < 20 on the Mini-Mental State Examination; or 3) the patient found it impossible to continue in a previous occupation because of the presence of the lesion.
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Functional performance status was evaluated using the Karnofsky Performance Scale (KPS).
tumor recurrence
Recurrence of the tumor during follow-up was defined as the appearance of new pathological tissue on MR images or the growth of tumor remnants. Follow-up MRI was performed within 1 week and within 3 months after surgery and then at regular intervals of 6-12 months.
statistical Analysis
Data were analyzed using the Mann-Whitney U-test for unpaired samples or the Wilcoxon t-test for paired samples. Differences correlating to an error of probability < 0.05 were considered statistically significant. The cumulative risk of tumor recurrence was calculated according to the Kaplan-Meier method using JMP version 9.0 software (SAS Institute Inc.).
illustrative Cases

Case 1: Intrasellar Type
An intrasellar lesion was detected in an 11-year-old boy suffering from diabetes insipidus (Fig. 3A and B) . Preoperative MRI demonstrated characteristic findings of the intrasellar type of craniopharyngioma. After applying the endoscopic endonasal transsphenoidal approach for this lesion, bone was removed from the sellar floor to the tuberculum sellae (Fig. 3E) . The tumor was then carefully dissected off of any adjacent critical neurovascular structures ( Fig. 3F and G) and totally removed (Fig. 3D , E, and H).
Case 2: Prechiasmatic Type Without Lateral Extension
A 52-year-old female exhibiting deterioration in her visual acuity on the right side was referred to our hospital. Preoperative MRI demonstrated elevation of the optic chiasm and anterior communicating artery and no lateral extension of the tumor ( Fig. 4A and B) . The tumor was totally removed via the endoscopic endonasal transsphenoidal approach, as it provided a large enough surgical corridor (Fig. 4C-G ).
Case 3: Prechiasmatic Type With Lateral Extension
A 49-year-old male with a 3-month history of deteriorating visual acuity on the left side was referred to our hospital. Preoperative MRI demonstrated elevation of the optic chiasm and anterior communicating artery, with tumor extended outside and beyond the left internal carotid artery ( Fig. 5A and B) . The tumor was totally removed via a left orbitozygomatic approach ( Fig. 5C-H ).
Case 4: Small Retrochiasmatic Type Without Extensive Calcification
A 61-year-old male presented with visual acuity deterioration of 1 year's duration on his left side. The tumor diameter was 28 mm, and no extensive calcification was observed (Fig. 6A-C) . Typical of the retrochiasmatic type, the lesion in this case did not exhibit any elevation of the anterior communicating artery. The tumor was totally removed via the left orbitozygomatic approach as this provided large enough surgical corridors through the prechiasmatic, retrocarotid, and opticocarotid spaces ( Fig.  6D -H).
Case 5: Large Retrochiasmatic Type
A 35-year-old woman presented with deterioration of both her visual acuity and her visual field. The tumor diameter was 45 mm, and no extensive calcification was observed ( Fig. 7A-C) . Typical of the retrochiasmatic type of lesion, there was no elevation of the anterior communicating artery. The left transpetrosal approach was selected with the aim of radical resection. The main part of the tumor was removed through the surgical window between the posterior communicating artery and the oculomotor nerve ( Fig. 7F-H) . This made it possible to completely remove the tumor (Fig. 7D , E, and I).
Case 6: Intra-Third Ventricle Type
A 43-year-old male presented with a loss of social activity for the previous year. Preoperative MRI demonstrated characteristic findings for the intra-third ventricle type of craniopharyngioma ( Fig. 8A and B). Although we selected the interhemispheric translamina terminalis approach, the tumor could not be removed through the prechiasmatic space (Fig. 8E ). However, we were able to excise the majority of tumor through the lamina terminalis just above the anterior communicating artery ( Fig. 8F and G) . Unfortunately, the bottom part of the tumor was obstructed by Bone was removed from the sellar floor to the tuberculum sellae. We carefully dissected tumor off of any adjacent critical neurovascular structures, including the optic chiasm and many perforating arteries (e). In this particular case, normal pituitary gland was located on the right side of the tumor (F), and since the tumor did not invade all parts of the stalk, we were able to preserve the stalk (g).
the anterior communicating artery and optic chiasm ( 
results
Patient Population
Between January 2000 and December 2014, 72 consecutive patients with craniopharyngiomas underwent microsurgical resection at Osaka City University hospital. Medical records for all 72 patients were retrospectively reviewed. This group consisted of 36 males and 36 females, with a mean age of 37.7 years (range 3-71 years) at the time of surgery (Table 1) . Thirty-two patients (44.4%) had undergone surgical procedures at other institutions before presenting to us. The mean follow-up duration was 4.7 years (range 10-189 months). All patients underwent neuroimaging and neurological follow-up at intervals of 6-12 months.
tumor Characteristics
Of the 72 tumors examined in this study, 35 (48.6%) were classified as the retrochiasmatic type, 19 (26.4%) as the prechiasmatic type, 12 (16.7%) as the intra-third ventricle type, and 6 (8.3%) as the intrasellar type ( Table   1 ). The mean maximum tumor diameter, which was estimated from preoperative MR images, was 30.2 mm (range 7-64 mm). Table 2 lists data for the multistage surgery, which was performed in 26 (36.1%) of the 72 patients. With regard to the approach used for the tumors, 41 were resected via the orbitozygomatic approach, 21 via the interhemispheric approach, 21 via the transsphenoidal approach, 14 via the transsphenoidal approach, and 3 via other approaches.
Multistage surgery was used to remove 15 (42.8%) of 35 retrochiasmatic type tumors. The orbitozygomatic approach was used to resect 22 retrochiasmatic type craniopharyngiomas, the transpetrosal approach to resect 21, the interhemispheric approach to resect 5, the transsphenoidal approach to resect 1, and other approaches to resect 3.
Multistage surgery was used to remove 3 (15.8%) of the 19 prechiasmatic type of tumors. The orbitozygomatic approach was used to resect 11 prechiasmatic lesions, the transsphenoidal approach to resect 7, and the interhemispheric approach to resect 4.
Of the 12 intra-third ventricle type tumors, 7 (58.3%) were removed via multistage surgery. The interhemispheric approach was used to resect 12 of these lesions, while the orbitozygomatic approach was used to resect 7.
Of the 6 intrasellar type of tumors, 1 (16.7%) was re- moved via multistage surgery. The transsphenoidal approach was used to resect 6, whereas the orbitozygomatic approach was used to resect 1. Table 2 shows data on extent of tumor resection. Among the 72 cases, GTR was achieved in 43 (59.7%) whereas NTR was achieved in 28 (38.9%). Partial resection was achieved in only 1 patient (1.4%).
Extent of Tumor Resection
For the retrochiasmatic type of tumors, GTR was achieved in 20 (57.1%) of 35 patients and NTR in 15 (42.9%). For the prechiasmatic type of tumors, GTR was achieved in 12 (63.1%) of 19 patients, NTR in 6 (31.6%), and PR in 1 (5.3%). For the intra-third ventricle type of tumors, GTR was achieved in 9 (75.0%) of 12 patients, NTR in 3 (25.0%), and PR in none. For the intrasellar type of tumors, GTR was achieved in 2 (33.3%) of 6 patients, NTR in 4 (66.7%), and PR in none (Table 2) .
Complications
No surgery-related deaths occurred among the 72 patients. Oculomotor nerve palsy was confirmed in 1 patient who underwent the orbitozygomatic approach, whereas hearing loss was confirmed in 1 patient who underwent the transpetrosal approach. No other cranial nerve palsies were seen. Postoperative hemorrhage occurred in 1 patient who underwent the orbitozygomatic approach and required the removal of a hematoma. Leakage of CSF occurred in 1 patient who underwent the transpetrosal approach, which required repair of the leak. Table 3 lists the mean preoperative and postoperative VISs. Prior to surgery, 59 (81.9%) of 72 patients exhibited visual disturbance; after surgery, 24 (40.7%) of these 59 patients had improved visual function. Also after surgery, 43 (59.7%) of the 72 patients exhibited no deterioration in visual function, whereas 5 patients (6.9%) experienced some deterioration. Overall, the mean VIS score improved from 28.7 ± 27.6 preoperatively to 21.8 ± 25.6 postoperatively.
visual Function
Of the 35 patients with the retrochiasmatic tumor type, 27 (77.1%) exhibited visual disturbance before surgery, but improvement was seen in 12 of these patients (44.4%) after surgery. No deterioration in visual function occurred in 20 (57.1%) of the 35 patients, whereas some deterioration was noted after surgery in 3 patients (8.6%). The mean VIS score in patients in the retrochiasmatic group improved from 28.7 ± 31.2 preoperatively to 19.9 ± 26.2 postoperatively. Among the 19 patients with prechiasmatic tumors, 18 (94.7%) showed visual disturbance before surgery, but improvement was observed in 4 of them (22.2%) after surgery. No deterioration of visual function was observed postoperatively in 13 patients (68.4%) in the retrochiasmatic group, whereas 2 (10.5%) did experience some deterioration. The mean VIS score remained relatively the same before and after surgery: 32.7 ± 26.0 preoperatively and 29.9 ± 30.2 postoperatively.
Among the 12 patients with the intra-third ventricle type of tumor, 9 (75.0%) exhibited visual disturbance before surgery; 5 (55.6%) of the 9 had improvement after surgery. There was no deterioration in visual function in 7 (58.3%) of the 12 patients after surgery. The mean VIS score improved from 21.4 ± 20.7 preoperatively to 14.6 ± 13.8 postoperatively in this group.
In the intrasellar type of tumors, 5 (83.3%) of 6 patients exhibited visual disturbance before surgery; 3 (60.0%) of the 5 had improvement after surgery. No deterioration in visual function was observed in 3 (50.0%) of the 6 patients after surgery. The mean VIS score in patients with the intrasellar tumor type improved from 29.0 ± 23.1 preoperatively to 19.0 ± 20.6 postoperatively.
endocrinological status
Preoperatively, 49 patients (68.1%) showed some deficit in anterior pituitary hormone, and 34, 30, 13, and 17 patients had a preoperative deficit in adrenal, thyroid, gonadal, or somatotroph function, respectively. Twenty-five patients (34.7%) had diabetes insipidus preoperatively. Postoperatively, 64 patients (88.9%) received replacement of anterior pituitary hormone and 52 patients (72.2%) had diabetes insipidus (Table 3) .
Twenty-four patients (68.6%) with the retrochiasmatic tumor type showed some deficit in anterior pituitary hormone, and 13, 9, 6, and 6 patients had a preoperative deficit in adrenal, thyroid, gonadal, or somatotroph function, respectively. Fifteen patients (42.8%) had diabetes insipidus preoperatively. Postoperatively, 31 patients (88.6%) received replacement of anterior pituitary hormone and 29 patients (82.9%) had diabetes insipidus.
Among the patients with the prechiasmatic type of tumors, 14 (73.7%) showed some deficit in anterior pituitary hormone, and 14, 12, 3, and 3 patients had a preoperative deficit of adrenal, thyroid, gonadal, or somatotroph function, respectively. Preoperatively, 7 patients (36.8%) had diabetes insipidus. Postoperatively, 16 patients (84.2%) received replacement of anterior pituitary hormone and 10 patients (52.6%) had diabetes insipidus.
Among patients with the intra-third ventricle type of tumor, 7 (58.3%) showed some deficit in anterior pituitary hormone, and 4, 5, 3, and 7 patients had a preoperative deficit in adrenal, thyroid, gonadal, or somatotroph function, respectively. None of the patients with this tumor type had diabetes insipidus preoperatively. Postoperatively, 12 patients (100%) received replacement of anterior pituitary hormone and 12 patients (100%) had diabetes insipidus.
Four patients (66.7%) with the intrasellar tumor type had some deficit in anterior pituitary hormone, and 3, 4, 1, and 1 patient had a preoperative deficit in adrenal, thyroid, gonadal, or somatotroph function, respectively. Three patients (50.0%) had diabetes insipidus preoperatively. Postoperatively, 5 patients (83.3%) received replacement of anterior pituitary hormone and 3 patients (50.0%) had diabetes insipidus.
obesity
Prior to surgery, 10 (13.9%) of the 72 patients were considered to be obese (Table 3) . During follow-up, 19 patients (26.4%) were obese. Seven patients (20.0%) with the retrochiasmatic type of tumor were obese before surgery. There was a slight increase in obesity during the follow-up among this group, with 11 patients (31.4%) defined as obese. Among the 19 patients with the prechiasmatic tumor type, 2 (10.5%) were classified as obese before surgery. During follow-up, 5 patients (26.3%) were classified as obese. Among the 12 patients with the intra-third ventricle tumor type, obesity was noted in 1 (8.3%) before surgery, whereas 3 patients (25.0%) were obese during the follow-up. None of the patients with the intrasellar tumor type was obese either before the surgery or at the last follow-up.
Neuropsychological Function
Before surgery, 12 (16.7%) of the 72 patients exhibited a neuropsychological deficit (Table 3) . During follow-up, neuropsychological status was preserved in 70 patients (97.2%) and improved in 2 (2.8%). None of the patients exhibited any deterioration in neuropsychological function after the surgery.
Among the 35 patients with the retrochiasmatic type of tumor, 7 (20.0%) showed a neuropsychological deficit before surgery. During the follow-up, neuropsychological status was preserved in 33 patients (94.3%) and improved in 2 (5.7%).
Among the 19 patients with the prechiasmatic type of tumor, 1 patient (5.3%) exhibited a neuropsychological deficit prior to surgery. During follow-up, neuropsychological status was preserved in all 19 patients (100%) with this tumor type.
In the group with the intra-third ventricle tumor type, 3 (25.0%) of the 12 patients demonstrated a neuropsychological deficit before surgery. During follow-up, neuropsychological status was preserved in all 12 patients (100%).
Among the 6 patients with the intrasellar tumor type, 1 (16.7%) exhibited a neuropsychological deficit prior to surgery. During follow-up, neuropsychological status was preserved in all 6 patients (100%).
Functional Performance Status
The mean preoperative KPS score was 83.2 (range 50-100), whereas the mean postoperative score was 86.0 (range 50-100; Table 3 ). The scores improved in 19 patients (26.4%) and remained stable in 53 (73.6%). None of the patients showed any deterioration in the KPS score after surgery.
The mean preoperative and postoperative KPS scores for patients with the retrochiasmatic tumor type were 83.1 and 86.3, respectively. The scores improved in 11 (31.4%) of the 35 patients and remained stable in 24 (68.6%).
The mean preoperative and postoperative KPS scores for patients with the prechiastmatic tumor type were 82.6 and 84.2, respectively. The scores improved in 3 (15.7%) of the 19 patients and remained stable in 16 (84.2%).
Among the 12 patients with the intra-third ventricle type of tumor, the mean preoperative KPS score was 82.5 and the mean postoperative score was 85.8. The scores improved in 4 (33.3%) of the patients and remained stable in 8 (66.7%).
Among the 6 patients with the intrasellar tumor type, the mean preoperative and postoperative KPS scores were 86.7 and 90.0, respectively. The scores improved in 2 patients (33.3%) and remained stable in 4 (66.7%).
Pathology
Twelve patients (16.6%), all adults, showed a papillary type of craniopharyngioma. Among these 12 patients, 8 had the retrochiasmatic tumor type, 2 the prechiasmatic type, and 2 the intra-third ventricle type.
Sixty patients (83.4%), consisting of 18 children and 42 adults, showed an adamantinomatous type of craniopharyngioma. Twenty-seven of these patients had the retrochiasmatic tumor type, 17 the prechiasmatic type, 10 the intra-third ventricle type, and 6 the intrasellar type.
tumor recurrence
During the follow-up period, tumor recurrence or regrowth occurred in 15 (20.8%) of the 72 cases, which included the 32 recurrent cases (Table 2) . Tumor recurred in 4 (9.3%) of the 43 patients who had undergone GTR, 10 (35.7%) of 28 patients who had undergone NTR, and the 1 patient (100%) who had undergone PR.
For the retrochiasmatic type of tumors, tumor recurrence or regrowth was found in 7 (20.0%) of the 35 patients. Tumor recurrence was noted in 2 (10%) of the 20 patients with GTR, whereas regrowth was detected in 5 (33.3%) of the 15 patients with NTR.
For the prechiasmatic type of tumors, tumor recurrence or regrowth was found in 6 (31.6%) of the 19 patients. Tumor recurred in 2 (16.7%) of 12 patients with GTR. Regrowth was detected in 3 (50.0%) of 6 patients with NTR and in the 1 patient (100%) with PR.
For the intra-third ventricle type of tumors, none of the 12 patients who had undergone GTR (9 patients) or NTR (3 patients) exhibited any tumor recurrence or regrowth.
For the intrasellar type of tumors, tumor recurrence or regrowth was noted in 2 (33.3%) of the 6 patients. While there was no tumor recurrence in the 2 patients who had undergone GTR, regrowth was detected in 2 (50%) of the 4 NTR patients. Table 4 shows the relationship between local control, extent of tumor removal, and MIB-1 labeling index. The mean MIB-1 index for tumors that recurred was 6.19% ± 4.68%. On the other hand, the mean MIB-1 index for the no-recurrence group was 2.75% ± 2.09%. Our analysis did show a significant relationship between the failure to achieve local control and the MIB-1 labeling index (p < 0.05, Mann-Whitney U-test).
In the GTR group, tumor recurred in 4 (9.3%) of 43 patients, and the mean MIB-1 index in these 4 tumors was 8.88% ± 4.55%. In the no-recurrence/GTR group, the mean MIB-1 index was 3.15% ± 1.99%. Analysis indicated that there was a significant relationship between the failure to achieve local control and the MIB-1 labeling index (p < 0.05, Mann-Whitney U-test).
In the NTR group, regrowth was detected in 10 (35.7%) of the 28 patients. The mean MIB-1 index was 5.52% ± 4.56% for the patients exhibiting regrowth and 1.97% ± 2.16% for the patients with no regrowth. Similar to the findings for the GTR group, there was a significant relationship between the failure to achieve local control and the MIB-1 labeling index for the NTR group (p < 0.05, Mann-Whitney U-test).
Regrowth was also detected in the 1 patient (100%) with PR. The MIB-1 index in this patient was 1.4%.
Three of the 12 cases of papillary type craniopharyngioma showed tumor recurrence, and 12 of the 60 cases of the adamantinomatous type showed recurrence. There was no statistically significant difference between the papillary and adamantinomatous craniopharyngioma type as regards tumor recurrence ( Table 5) .
The odd ratios from the univariate logistic regression analysis for predicting tumor recurrence are listed in Table 5. Multiple logistic regression analysis with a stepwise procedure was performed. Extent of resection and MIB-1 labeling index were selected as independent factors associated with local recurrence. These variables and their adjusted ORs are listed in Table 5 .
long-term outcome
Recurrence-free survival time in the 72 patients was calculated using the Kaplan-Meier method (Fig. 9) . The Kaplan-Meier method was also used to calculate the recurrence-free survival times in relation to the extent of resection (Fig. 10) . Analysis showed a markedly significant difference in recurrence-free survival between the GTR and the NTR or PR groups (p < 0.05).
The recurrence or regrowth in 14 of the 15 patients was successfully controlled after performing additional resections and stereotactic radiosurgery. The 1 patient who refused any additional tumor resection died from the tumor regrowth at 1 year after the additional stereotactic radiosurgery. Since another 2 patients died of unrelated disease, a total of 69 (95.8%) of the 72 cases, including the 32 recurrent cases, were well controlled at the last follow-up.
Discussion
Role of Anatomical Subclassification of Craniopharyngiomas
Craniopharyngiomas are epithelial tumors that are presumed to arise from remnants of Rathke's pouch. Because these tumors can occur from any part of the primitive craniopharyngeal duct, the relationship between tumor and surrounding structures, such as the optic chiasm, hypothalamus, anterior communicating artery, and pituitary gland, differs on a case-by-case basis. Therefore, the best way of determining the optimal surgical procedure, rather than sticking to one approach, would be to base the surgery on the specific tumor origin. Thus, we applied a craniopharyngioma classification that specifically took into account the best surgical approach.
Criteria for Selecting Surgical Approaches Based on an Anatomical Subclassification
Selecting surgical approaches for craniopharyngioma with complicated conditions remains controversial because of the lesion's anatomical location and proximity to critical neurovascular structures. Table 6 lists the surgical approaches utilized in previous large series. 4, 6, 8, 10, 21, 24, 25 We created a lesion classification that could be used to determine the most appropriate surgical approach. Lesion identification and the approach used during the resections were as follows.
For the intrasellar type of craniopharyngioma, the anatomical relationship of the tumor and the surrounding structure is similar to that seen for a pituitary adenoma. The sellar floor is usually enlarged, and there is no adhesion with the tumor or with important blood vessels given the fact that the suprasellar side of the tumor is often covered by an extended diaphragm. Therefore, the endoscopic or microscopic transsphenoidal approach is the appropriate procedure for intrasellar type cases (Figs. 2 and 3) .
For the prechiasmatic tumor type, the lesion can be reached through a relatively wide space given the elevation of the optic chiasm and the anterior communicating artery. For these types of craniopharyngioma, the use of either the orbitozygomatic or the extended transsphenoidal approach is possible and has been shown to be quite efficient (Fig. 2) . When choosing the extended transsphenoidal approach, resection of the tumor is possible because of the large space between the pituitary gland and the optic chiasm as well as the fact that it is easy to directly visualize the posterior and inferior surfaces of the chiasm. However, if the tumor extends extremely to the lateral side, this approach is not suitable (Figs. 2 and 4) . When choosing the orbitozygomatic approach, resection of the tumor is relatively easy because there are several corridors that can be used to reach the tumor via the prechiasmatic and opticocarotid spaces, along with the fact that it is easy to observe the underside of the optic chiasm (Figs. 2 and 5 ).
Although the orbitozygomatic or transpetrosal ap- proaches are selected for the retrochiasmatic tumor type, it should be noted that these resections are associated with high rates of surgical mortality, surgical complications, and incomplete resections that lead to a high recurrence rate (Fig. 2) . Since the retrochiasmatic craniopharyngiomas are hidden behind the optic chiasm and have upward extension into the third ventricle and downward extension in front of the brainstem, there is unsatisfactory surgical exposure of these tumors. For the small retrochiasmatic tumor type that occurs without extensive calcification, the orbitozygomatic approach is normally selected as there are several corridors that provide access to the tumor via the prechiasmatic, opticocarotid, and retrocarotid spaces (Figs. 2 and 6 ). The mini-transpetrosal approach is applied for the retrochiasmatic tumor type that exhibits an extensive amount of calcification or a large diameter (> 30 mm). We reported satisfactory results using the mini-transpetrosal approach for the removal of retrochiasmatic craniopharyngiomas under complicated conditions. 12 The surgical approach used in these types of cases has been described in detail elsewhere.
12 When using the mini-transpetrosal approach, there are unique posterior-to-anterior and inferior-to-superior surgical corridors to the retrochiasmatic area that provide a relatively wide space for all surgical procedures in the retrochiasmatic space. In addition, use of this approach and the wide space that is available make it possible to directly visualize the posterior and inferior surfaces of the chiasm, the floor of the third ventricle, and the hypothalamic tuber cinereum area. Moreover, use of this posteroanterior corridor to the chiasm and the third ventricle is advantageous as it preserves the small perforating vessels that come from the internal carotid arteries and provide the primary blood supply to the optic chiasm and hypothalamus (Figs. 2 and 7) .
For the intra-third ventricle tumor type, the interhemispheric translamina terminalis approach is often used as a way of providing a suitable surgical corridor. With this approach, there is no space around the prechiasmatic area, and there is a narrow working space for tumor resection. This is necessary to preserve the small perforating vessels from the anterior communicating artery or the A 1 segment that provides blood supply to the hypothalamus. However, if the tumor extends to the inferior side of the optic chiasm and the anterior communicating artery complex, multistage surgery will need to be performed (Figs. 2 and 8 ). Table 6 lists the surgical outcomes of previous large series. 4, 6, 8, 10, 21, 24, 25 The craniopharyngioma radical resection rates have been found to be 40%-90%, with a retrochiasmatic location, larger size, calcification > 10%, extension into the third ventricle, and recurrence reported to be significant prognostic factors that negatively affect the extent of resection. 8, 12 Several studies have reported that the rate of radical resection in repeat surgeries is markedly lower than that in primary surgeries and that there is increased perioperative morbidity and mortality for the repeat surgery cases. 6, 25 In the present study, 32 patients (44.4%) had undergone previous surgical procedures at other institutions, and 35 (48.6%) of the 72 tumors were classified as the retrochiasmatic type. When using the various approaches based on our anatomical subclassification, we found that GTR or NTR was achieved in 40 (100%) of the 40 primary cases and in 31 (96.9%) of the 32 recurrent cases.
Surgical Outcomes of Craniopharyngiomas
Hypothalamic damage has been reported to be the most serious complication after these surgeries. 6, 27 Several studies have reported postsurgical hypothalamic damage rates ranging from 65% to 80%, 5, 20 while increases in body weight or obesity range from 39% to 55% during long follow-ups. 1, 14, 19, 23 Hofmann et al. 10 reported the results of craniopharyngioma treatment in 73 patients, stating that preoperative hypothalamic functional disturbances are considered contraindications for aggressive surgery. In the present study we found that 12 (16.7%) of the 72 patients exhibited neuropsychological deficits before the surgery and that the neuropsychological status was preserved in most patients, although it would be preferable to describe a more robust functional outcome scale. Ten (13.9%) of the 72 patients were obese before surgery, and the rate of obesity increased during the follow-up (19 patients [26.4%] ). We also showed that patients with the intra-third ventricle tumor type or the retrochiasmatic type with extension into the third ventricle tended to exhibit neuropsychological deficit or obesity. Therefore, prior to performing surgery, especially in cases with the intra-third ventricle type or the retrochiasmatic type with extension into the third ventricle, it is important to choose the appropriate surgical approach to avoid complications. In some cases it may even be necessary to consider using multistage surgery to avoid potential complications. In this study, 32 patients (44.4%) had previously undergone surgical procedures at other institutions, and 35 (48.6%) of the 72 tumors were classified as the retrochiasmatic type of craniopharyngioma. We performed aggressive tumor resection even if patients had hypothalamic functional disturbances preoperatively. And we used approaches such as the transpetrosal or orbitozygomatic, which enabled access to the hypothalamus and optic pathway during tumor removal. Our results, as compared with those in other reports, were satisfactory as regards the extent of tumor resection, tumor control, surgical complications, visual function, endocrinological status, neuropsychological function, and functional performance status. 
long-term tumor Control
Several studies have demonstrated that incomplete resection of craniopharyngiomas results in higher recurrence rates. 4, 15, 18, 21, 24 Duff et al. reported 10-year recurrence-free survival rates of 82% after GTR and 50% after subtotal resection (STR). 4 Karavitaki et al. reported 10-year recurrence-free survival rates of 100% after GTR plus radiotherapy and 38% after STR.
11 Table 7 shows the relationship between tumor recurrence and extent of resection in large series. 4, 11, 13, 17 The results of several previous studies have led to a widely supported belief that, to reduce the risks of surgery, craniopharyngiomas with complicated conditions must be treated conservatively with a combination of safe PR and stereotactic radiosurgery. 3, 22, 28 In fact, the use of this type of conservative treatment has been reported to lead to acceptable results for some types of craniopharyngiomas. Karavitaki et al. reported a 10-year recurrence-free survival rate of 77% after a combination of STR and radiation therapy.
11 Duff et al. reported a recurrence rate of only 9% after STR with radiation therapy. 4 On the other hand, several studies have reported no significant difference in tumor control between patients who underwent GTR and those who underwent STR with radiation therapy. 22, 26 In the present study, extent of tumor resection and MIB-1 labeling index were identified as independent factors associated with local recurrence (Table 5) . Our results, even including the 32 recurrent cases, were similar to outcomes in the studies that did not find any significant differences (Table 7) . 4, 11, 13, 17 Therefore, we believe aggressive resections performed using surgical approaches based on an anatomical subclassification would be the best therapeutic option for craniopharyngiomas, even in cases exhibiting complicated conditions.
Conclusions
In the present study we examined the surgical outcomes achieved when using an anatomical classification of craniopharyngiomas that was based on tumor origin. Our results demonstrated the benefits of treating craniopharyngiomas via aggressive tumor resection, with the determination of the correct surgical approach essential in achieving a successful outcome.
